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Viscosity Measurements for Gaseous Cyclohexane
at High Temperature by Two-Capillary Method
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Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to develop the application of two—capillary method on the viscosity measurement of gas
hydrocarbon fuel at high temperature, the viscosities of gas cyclohexane were measured by the two—capillary vis-
cometer at high temperature and subcritical conditions. The temperature ranged from 301.9K to 567.1K (about
10K intervals) and pressure ranged from 0.5MPa to 4.0MPa (1.0MPa intervals). Considering the secondary flow
of fluid in the coils, the viscosity measurement results were modified by centrifugal correction coefficient as a
function of Reynolds number (Re) or Dean number (De) , and the Reynolds numbers (Re) of the gas cyclohex-
ane were below 1984.5 in the measurements. The research indicated that the secondary flow effect in the coils dif-
fers significantly between the viscosity measurement of liquid and gas cyclohexane by two—capillary method. The
centrifugal correction coefficients for viscosity measurements of liquid cyclohexane was less than 4.32%, for vis-
cosity measurements of gas cyclohexane was up to 49%.Therefore, the second flow effect that results from centrif-
ugal force is the most important factor affecting the measurement accuracy of the viscosity of gas cyclohexane,
and the accuracy of the centrifugal correction function plays an important role on determining the uncertainties of

measurement results of viscosity of gas cyclohexane.
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Table 1 Accuracy of transmitters and type B evaluation of standard uncertainty «

Transmitter Range Accuracy Measurement result u
K type Thermocouple -200~1250C 2.2°C or 0.75%N ., ing Ty, T,, T, 1.1°C or 0.375%N ., ging
Pressure transmitter() 0~25MPa 0.3% Pr 0.038MPa
Pressure transmitter® 0~16MPa 0.3% Pu 0.024MPa
Differential pressure transmitter(D 0~248kPa 0.04% Apy, 7, 0.05kPa
Differential pressure transmitter® 0~745Pa 0.1% Apy r 0.4Pa
100 2 2 Table 3 Parameters in equation (12)
a
- a b c AAD/%  MAD/%
A
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Fig. 4 Distribution of viscosity data 5 of cyclohexane at

temperatures 7 and pressures p
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Table 2 Literature viscosity data 5 of cyclohexane at
temperatures T and pressures p together with relative

uncertainties u (#)

Reference T/ K p/ MPa n/(pPas)  uln)/%

[26] 298.15 0.1 896.1 2.0
288.69 0.1 1056.8
298.23 0.1 893.8

[25] 0.3
298.41 0.1 889.4
308.99 0.1 749 .4
298.15 0.1 891.8

[24] 2.0
298.15 6.2 970.2
298.15 0.1 894.2
298.15 10.0 1022.3

[6] 308.15 0.1 753.8 -
308.15 5.0 808.4
308.15 10.0 855.1
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Fig.5 Estimated standard relative uncertainties u, (1) of
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Table 4 Experimental viscosity ratios r, and derived viscosities # of cyclohexane’

T/K r, o Mg /(wPats) 1ok rp r nyo/(wPass) | /K r, r, n7 [ (wPass)
py=0.5MPa 4850  0.0327  0.0092 8.27 405.6  0.8628  0.2783 258.2
302.0  0.9957  0.9407 842.6 4974 0.0322  0.0097 8.73 4167  0.8468  0.2544 236.0
319.8 09737  0.7075 634.5 505.5  0.0317  0.0108 9.76 4225  0.8384  0.2464 228.6
3274 09641 0.6353 569.7 5174 0.0295  0.0110 9.93 430.6 0.8261  0.2335 216.7
3351 0.9544 0.5774 517.9 5283 0.0305  0.0122 11.02 436.6 0.8169  0.2182 202.4
3457 0.9408 0.5031 451.1 538.8  0.0288  0.0128 11.55 4462 0.8015  0.2030 188.1
360.7  0.9211 0.4287 384.3 5497 0.0268  0.0129 11.65 4564 0.7846  0.1883 174.5
3682 09111 0.3953 354.4 556.7  0.0268  0.0129 11.64 4650 07695  0.1787 165.7
376.5  0.8998 0.3634 325.8 5662 0.0268  0.0132 11.93 4761 0.7483  0.1644 152.4
3917 0.8785 0.3144 282.2 py=2.0MPa 4858  0.7289  0.1533 142.0
398.1  0.8693 0.2923 262.4 3020 0.9958  0.9400 859.4 4964 07050 0.1393 129.1
405.5 0.8584 0.2762 2479 319.8 09740  0.7081 647.7 505.6  0.6820  0.1305 121.0
416.6  0.0170 0.0013 1.14 327.6 09643  0.6321 578.0 5169  0.6482  0.1200 111.3
4235 0.0165 0.0085 7.63 3353 0.9548  0.5771 527.7 5275 0.6072  0.1039 96.4
4275 0.0162  0.0033 2.96 3455 09418  0.5046 461.4 537.8  0.1194  0.0671 62.1
430.9  0.0165 0.0057 5.14 361.0 09220  0.4299 3933 5484  0.1122  0.1084 100.4
4469  0.0158 0.0073 6.56 3682 09125  0.3962 362.4 555.8  0.0997  0.0181 16.74
456.6  0.0151 0.0081 7.23 3764 09016  0.3661 334.9 5659  0.1000  0.0318 29.47
466.1  0.0148  0.0085 7.65 3918  0.8806  0.3214 294.3 py=4.0MPa
4777 0.0151  0.0089 8.00 398.0 0.8718  0.2924 267.8 3020  0.9959  0.9397 881.5
486.1  0.0139  0.0097 8.68 405.6 08611  0.2772 253.8 319.8  0.9745  0.7065 663.6
498.5  0.0135 0.0105 9.40 416.6  0.8449  0.2546 233.1 327.6 09650  0.6334 594.2
505.1  0.0128 0.0106 9.47 4225 0.8362  0.2468 226.0 3359 0.9549  0.5693 534.4
519.0 0.0131 0.0105 9.42 4307 0.8234  0.2327 213.1 345.1 09435  0.5096 478.6
5285 0.0129 0.0102 9.16 436.7  0.8140  0.2179 199.5 3611 0.9233  0.4279 401.5
5387  0.0126 0.0104 9.36 4462 07982  0.2021 184.8 3682 09143  0.3957 371.5
549.1  0.0120 0.0108 9.67 456.5  0.7804  0.1863 170.4 3763 09038  0.3679 345.2
558.0 0.0118 0.0114 10.25 4650  0.7648  0.1771 162.1 3920 0.8830  0.3193 300.0
566.9 0.0112 0.0114 10.21 4763 07425 0.1633 149.5 398.0 0.8749 03010 283.0
py=1.0MPa 485.1  0.7231  0.1522 139.2 405.6  0.8645  0.2783 261.4
302.0  0.9957 0.9417 850.0 4973 0.6930  0.1403 128.5 4169 0.8485  0.2546 239.2
319.8  0.9737  0.7066 638.0 503.9  0.0748  0.0998 91.3 4225 0.8405  0.2468 231.8
3275 0.9642  0.6357 5742 5163  0.0724  0.0082 7.55 430.6  0.8286  0.2349 220.7
335.1  0.9546 0.5772 521.5 5264 0.0659  0.0096 8.79 4364 08196  0.2196 206.0
3455 09413 0.5053 456.4 537.0  0.0654  0.0109 9.95 4464 08043 02115 198.5
360.9  0.9213  0.4291 387.4 5484  0.0631  0.0120 10.99 4563 0.7883  0.1898 178.1
3682 09116 0.3958 357.6 556.9  0.0603  0.0133 12.20 465.0 07734  0.1797 168.6
3764  0.9005 0.3654 330.1 566.1  0.0577  0.0129 11.84 4761 0.7536  0.1659 155.7
391.6  0.8794 0.3176 287.3 py=3.0MPa 4853  0.7358  0.1557 146.1
398.0 0.8704 0.2918 263.9 3020 0.9958  0.9392 869.7 496.5 07130 0.1412 1326
405.5 0.8594 0.2761 249.5 319.8 09742 0.7068 654.8 5052 0.6927  0.1332 124.9
4165  0.8430 0.2530 228.7 3277 09646  0.6319 585.9 516.6  0.6640  0.1223 114.8
4225 0.8338 0.2453 221.8 335.6  0.9548  0.5750 532.6 5273 0.6305  0.1077 101.1
4309  0.8204 0.2317 209.4 3454 09425  0.5073 470.4 537.0  0.5906  0.1071 100.4
4369 0.8105 0.2180 196.9 361.1 09226  0.4292 397.7 5478 0.5288  0.0922 86.6
4463 07947  0.2005 181.2 3682 09134  0.3955 366.6 5562 0.2071  0.0544 51.0
456.7  0.7759  0.1841 166.3 3764 09026  0.3667 339.8 567.1  0.1676  0.0292 27.41
462.8  0.0352  0.0116 10.46 3918  0.8819  0.3236 300.3
476.8  0.0346  0.0070 6.37 398.0  0.8734  0.2965 275.2

“The temperature of upstream capillary was set to T,=298.5K, and downstream capillary was set to desired T +2.2K. The pressure of downstream capillary

was set to desired p,, +0.05MPa.
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